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PLQLPXP UDGDU YHFWRULQJ DOWLWXGH VR DLUFUDIW UHPDLQV LQ D ORZHU OHYHO LQ D ORQJHU WLPH DQG LQ WKDW FDVH WKH IXHO
FRQVXPSWLRQLVLQFUHDVHG>@
$QHZPHWKRGFDOOHG3RLQW0HUJH6\VWHP306PHUJHVDUULYDO WUDIILF IORZVRQDVLQJOHPHUJHSRLQWZLWKRXW
XVLQJDQ\KHDGLQJLQVWUXFWLRQV306EDVHGRQDUHDQDYLJDWLRQ51$9URXWHVWUXFWXUHDQGVHTXHQFLQJOHJVDUHLVR
GLVWDQFH DQG HTXLGLVWDQFH IURP D SUHGHILQHG PHUJH SRLQW 306 DOORZV SDWK VKRUWHQLQJ RU VWUHWFKLQJ E\ XVLQJ
VHTXHQFLQJOHJV>@306DOORZVFRQWLQXRXVGHVFHQWDSSURDFKHV&'$V>@ZKLFKLVGHILQHGDVDPHWKRGWKDWWKH
DLUFUDIWLQWHUFHSWVJOLGHSDWKIURPRSWLPDOYHUWLFDOSURILOHGRZQWRWRXFKGRZQZLWKHQJLQHVRSHUDWLQJDWORZWKUXVW
SRZHU>@7KHPRVWFRPPRQEHQHILWVRI&'$SURFHGXUHVDUHUHGXFLQJDLUFUDIWQRLVHIXHOEXUQDQGHPLVVLRQV>@
5HGXFWLRQ LQ IUHTXHQF\RFFXSDQF\ WLPHDQGZRUNORDGDOVRE\HQDEOLQJ&'$ UHGXFWLRQ LQ IXHOFRQVXPSWLRQDQG
FRQVHTXHQWO\UHGXFWLRQLQHPLVVLRQVDUHWKHH[SHFWHGEHQHILWVRI306SURFHGXUH>@,QWKHIROORZLQJWKHEHQHILWVRI
&'$DQG306SURFHGXUHVDUHVXPPDUL]HG
&ODUNHHWDO>@WHVWHG&'$SURFHGXUHVE\VLPXODWLRQVLQ/RXLVYLOOH,QWHUQDWLRQDO$LUSRUWDQGWKHUHVXOWVLQGLFDWH
WROE±NJORZHUIXHOFRQVXPSWLRQGXULQJDSSURDFK>@
,QDQRWKHU VWXG\ ,YDQHVFXHW DO >@ DVVHVVHG WKHSHUIRUPDQFHRI306DQGFRPSDUHGZLWKYHFWRULQJ LQ IDVW
WLPHVLPXODWRUUHGXFWLRQ LQZRUNORDGDSSUR[LPDWHO\UHGXFWLRQ LQQXPEHURIFRQWUROOHU LQVWUXFWLRQV
DQGNJUHGXFWLRQLQIXHOEXUQZHUHDFKLHYHG>@
7XUJXWHWDO>@PDGHDVWXG\UHSRUWLQJIXHOVDYLQJVDQGDUHGXFWLRQRIIOLJKWGXUDWLRQGXHWR&'$&RQYHQWLRQDO
DQG&'$SURFHGXUHVZHUHFRPSDUHGE\XVLQJUHDOIOLJKWGDWDIRU%±RIIXHOVDYLQJVPRUHWKDQNJDQG
D UHGXFWLRQ EHWZHHQ  DQG RI IOLJKW GXUDWLRQ PLQXWHVZHUH UHSRUWHG IRU&'$SURFHGXUHV >@
'LIIHUHQW &'$ VFHQDULRV ZHUH VWXGLHG E\ 5RELQVRQ >@ 6LPXODWLRQ UHVXOWV VKRZHG ± NJ IXHO VDYLQJV DW
PHGLXPRUORZWUDIILFGHQVLW\>@
1RZDGD\V306KDVEHHQLPSOHPHQWHGLQ2VOR7KHUHVXOWVIRU2VORSUHVHQWWKDW306KDVPRUHDGYDQWDJHVRYHU
YHFWRULQJ VXFK DV SURYLGLQJ PRUH HIILFLHQW DQG SUHGLFWDEOH URXWH UHGXFLQJ ZRUNORDG LPSURYLQJ VDIHW\ DQG
PLQLPL]LQJ HQYLURQPHQWDO LPSDFWV E\ DOORZLQJ &'$ 7KH UHVXOWV SUHVHQW  NJ UHGXFWLRQ SHU IOLJKW LQ &2
HPLVVLRQV>@
$W$KPDGDEDG$LUSRUWLQ,QGLD&'$SURFHGXUHVKDYHEHHQLPSOHPHQWHG)XHOVDYLQJVDERXWWRQVDQG
WRQV&2HPLVVLRQ UHGXFWLRQ DQQXDOO\ZHUH UHSRUWHG0RUHRYHU DQRWKHU VWXG\ UHODWHG WR&'$ZDVSHUIRUPHG LQ
3UDJXH,WFRQFOXGHGWKDW±NJIXHOVDYLQJVDQG±NJ&2UHGXFWLRQSHUIOLJKWFRXOGEHHVWLPDWHGDQGLW
FRUUHVSRQGVWRWRQVIXHOVDYLQJVDQGWRQV&2UHGXFWLRQVDQQXDOO\>@

1RPHQFODWXUH
&'$ &RQWLQXRXV'HVFHQW$SSURDFK
&2 &DUERQ'LR[LGH
306 3RLQW0HUJH6\VWHP
51$9 $UHD1DYLJDWLRQ
70$ 7HUPLQDO&RQWURO$UHD
0HWKRGRORJ\
306 PHWKRG DLPV WR SURYLGH RSWLPXP YHUWLFDO GHVFHQW SURILOHV IRU DUULYDO WUDIILF 306 GRHV QRW QHHG DQ\
KHDGLQJ LQVWUXFWLRQV DQGPHUJHV WUDIILFRQD VLQJOHSRLQWQRWRQ DQ D[LV$OVR306 LV DQ LQQRYDWLYHPHWKRG IRU
VHTXHQFLQJDQGWRPDNHVWDQGDUGL]DWLRQLQFRQWUROOHUZRUNLQJFRQGLWLRQV,QWKLVVWXG\306PRGHOLVGHVLJQHGIRU
FRQYHUJLQJ UXQZD\V LQRUGHU WRPDNHRSWLPXP WUDIILFRUGHU LQ ODQGLQJ ,VWDQEXO70$WUDIILF LVDQDO\]HGDQG WKH
GLUHFWLRQZKLFKWUDIILFIORZLVLQWHQVHLVIRXQGQRUWKDQGHDVW$QGWKHSRVLWLRQRILQLWLDOZD\SRLQWVLVORFDWHGFORVH
WRQRUWKDQGHDVWGLUHFWLRQV$UULYDOWUDIILFHQWHUVWR306SURFHGXUHE\XVLQJLQLWLDOZD\SRLQWV2SSRVLWHGLUHFWLRQ
VHTXHQFLQJOHJVDUHGHVLJQHGIRUPHUJLQJDQGKDUPRQL]LQJDUULYDOWUDIILFIURPGLIIHUHQWGLUHFWLRQV&RQVLGHULQJWKH
OHQJWK RI WKH DUF EHWZHHQ WKH FRQYHUJLQJ UXQZD\V WKH OHQJWK RI VHTXHQFLQJ OHJV LV GHILQHG DV QPV$OVR WKH
SDUDOOHO VHJPHQWHG OHJV DUH SUHIHUUHG EHFDXVH WKH WUDFN DQJOH FKDQJHV ZLOO XVXDOO\ EH PRUH RU OHVV FORVH WR 
GHJUHHV0RUHRYHUOHJVDUHVHSDUDWHGYHUWLFDOO\
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,Q)LJ306PRGHOSURSRVDOLVSUHVHQWHG/DQGFRQYHUJLQJUXQZD\VIRU,VWDQEXO$WDWXUN,QWHUQDWLRQDO
$LUSRUW/7%$>@


)LJ306PRGHOSURSRVDOIRU/7%$
$LUFUDIWIO\LQJRQVHTXHQFLQJOHJVPDLQWDLQIOLJKWOHYHO)/DQG)/DIWHUOHIWVHTXHQFLQJOHJDLUFUDIW
VWDUWV WR GHVFHQG WR  IW  P XQWLO PHUJH SRLQW LI SRVVLEOH DQG DSSURSULDWH DLUFUDIW GHVFHQW IURP D
VHTXHQFLQJOHJWRDILQDODSSURDFKSRLQWFRQWLQXRXVO\:KLOHGHVLJQLQJWKH306PRGHOWKHIOLJKWSDWKDQJOH)3$
LVFRQVLGHUHGDVGHJUHHVJUDGLHQWRSWLPXPYDOXH:KLOHGHWHUPLQLQJWKHGLVWDQFHQPVNPEHWZHHQ
WKH OHJV DQGPHUJH SRLQW LW LV FRQVLGHUHG WKDW DLUFUDIW FRXOG DSSO\ FRQWLQXRXV GHVFHQW DSSURDFKHV &'$V IURP
RSWLPXPSRVLWLRQ
&'$DOORZVDLUFUDIWWRGHVFHQGIURPRSWLPXPSRVLWLRQFRQWLQXRXVO\LQDORZGUDJZLWKPLQLPXPHQJLQHWKUXVW
,QDSSURDFKSKDVH&'$DLPVWRUHGXFHDLUFUDIWQRLVHHPLVVLRQVDQGIXHOEXUQ$LUFUDIWVWD\KLJKHUIOLJKWOHYHOIRUD
ORQJHUWLPHE\WKHVLGHRIFRQYHQWLRQDOVWHSGRZQDSSURDFKHV)LJ
&RQWLQXRXV GHVFHQW RSHUDWLRQ SURFHGXUHV DUH GLYLGHG LQWR RSHQSDWK DQG FORVH SDWK SURFHGXUHV ,Q RSHQSDWK
YHFWRULQJ LV XVHGZLWK VSHHG FRQWURO DQG WKH FRQWUROOHU LV IOH[LEOH DQG FRPIRUWDEOH IRU KDQGOLQJ VHSDUDWLQJ DQG
H[SHGLWLQJ KLJK GHQVLW\ DLU WUDIILF IORZV2SHQ SDWK LV VXERSWLPDO DFFRUGLQJ WR HQYLURQPHQWDO LVVXHV2SHQ SDWK
SURFHGXUHVFRXOGEHDSSOLHGEXWIRUHQYLURQPHQWDOEHQHILWVFORVHSDWKSURFHGXUHVDUHSUHIHUUHGQRZDGD\V,QFORVH
SDWKSURFHGXUHVZKLFKKDYH OLPLWHG IOH[LELOLW\DLUFUDIW IROORZDIL[HG ODWHUDOSDWK 7DFWLFDO LQWHUYHQWLRQVDUHQRW
DOORZHGDQGXQZDQWHGEHFDXVH WDFWLFDO LQVWUXFWLRQVGUDZRXW WUDIILF IURP WKHDLUZD\VDQGGHFUHDVH WKHDELOLW\RI
DLUFUDIWWRLPSOHPHQWRSWLPXPGHVFHQWSURILOHV,QDGGLWLRQHQYLURQPHQWDODGYDQWDJHVFRXOGEHORVW>@


)LJ3URILOHVRI&'$DQGVWHSGRZQDSSURDFKHV>@
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5HVXOWVDQG'LVFXVVLRQV
&RPSDULQJ306PHWKRGZLWKYHFWRULQJ LWFRXOGEHVHHQWKDWDLUFUDIWUHPDLQDWKLJKHU OHYHOVIRUD ORQJHU WLPH
DQGWUDIILFVWD\VRUGHUO\LQDSDUWLFXODUWLJKWDUHDDQGODUJHWUDIILFGLVSHUVLRQZDVQRWREVHUYHG0RUHRYHULQ306
PHWKRGYHUWLFDO GHVFHQWSURILOHV DUH VLPLODU IRU DOO WUDIILFKRZHYHU LQYHFWRULQJ VRPHRI DLUFUDIW UHPDLQ DW ORZHU
OHYHOVIRUORQJHUSHULRGIRULQVWDQFHDLUFUDIWPDLQWDLQIWPRUNHHSPLQLPXPUDGDUYHFWRULQJDOWLWXGH
IURP70$HQWU\SRLQWV WR ODQGLQJDQGGHVFHQWSURILOHVFRXOGEHGLIIHUHQWDQGDOVR LW LV VKRZQ WKDW WKH WUDIILF LV
GLVWULEXWHGRYHUDZLGHDUHDGXHWRYHFWRULQJLQVWUXFWLRQV)RU306IOLJKWOHYHOVDUHSUHGHILQHGDQGDLUFUDIWGRHV
QRWQHHG WR IO\DW ORZHU OHYHOV ,Q)LJ VL[ WUDIILF FDOOHG$%&'(DQG)DUH LPSOHPHQWLQJ306DQG LW LV
VKRZQWKDWDLUFUDIWGHVFHQWZLWKDVWDQGDUGYHUWLFDOSURILOHVQDPHO\YHUWLFDOGHVFHQWSURILOHVDUHVLPLODU,QVWHDGRI
VWHS GRZQ DSSURDFKHV DLUFUDIW GHVFHQG FRQWLQXRXVO\ IURP VHTXHQFLQJ OHJV WR ILQDO DSSURDFK ZD\SRLQW $LUFUDIW
UHPDLQRQWKHVHTXHQFLQJOHJVWLOOVSDFLQJDQGDSSURDFKVHTXHQFH,WFRXOGEHQRWHGWKDW WKHVHWUDIILFDSSO\&'$
SURFHGXUHVDQGVRYHUWLFDOGHVFHQWSURILOHVDUHVLPLODU


)LJ'HVFHQWSURILOHVRIWUDIILFIURPHDVW$%&DQGQRUWK'()
,PSOHPHQWLQJYHFWRULQJIRUWKHVDPHWUDIILFGDWDLVSUHVHQWHGLQ)LJ$LUFUDIWGHVFHQGVWHSE\VWHSLQVWHDGRI
JUDGXDOO\$VVKRZQVHHLQ)LJGHVFHQWSURILOHVRIDLUFUDIWDUHQRWVLPLODU


)LJ'HVFHQWSURILOHVE\XVLQJYHFWRULQJ
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,Q)LJWKHGHVFHQWSURILOHVRIDLUFUDIWFDOOHG*ZKLFKHQWHUV70$IURPZHVWDSSOLHVERWKYHFWRULQJDQG306
SURFHGXUHVHSDUDWHO\,Q306DLUFUDIWPDLQWDLQ)/)/LVGHILQHGDVDOHYHORIVHTXHQFLQJOHJDQGWKHQ
VWDUWVWRGHVFHQGJUDGXDOO\%HVLGHVLQYHFWRULQJDIWHU)/VDPHWUDIILFVWDUWVWRGHVFHQGVWHSE\VWHS


)LJ'HVFHQWSURILOHVRIDLUFUDIW*
&RQFOXVLRQ
3RLQWPHUJHV\VWHPEDVHGRQ51$9URXWHVWUXFWXUHLVDQHZVWDQGDUGDUULYDOURXWH306GRHVQRWQHHGWRXVH
KHDGLQJ LQVWUXFWLRQV DQ\PRUH $OVR FRQWLQXRXV GHVFHQW DSSURDFKHV DUH DOORZHG IURP VHTXHQFLQJ OHJV WR ILQDO
DSSURDFKZD\SRLQWV:LWK&'$SURFHGXUHVDLUFUDIWGHVFHQWZLWKDFRQVWDQW)3$GHJUHHVZLWKPLQLPXPHQJLQH
WKUXVW&'$SURFHGXUHVNHHSDLUFUDIWDWKLJKHUFUXLVHDOWLWXGHIRUDORQJHUWLPHDQGDOORZDLUFUDIWWRGHVFHQGDVODWH
DVSRVVLEOH7KLVGHVFHQWW\SHDFKLHYHVDSUHGLFWDEOHDQGVWDQGDUGYHUWLFDOGHVFHQWSURILOH0RUHRYHUFRPSDULQJVWHS
GRZQFRQYHQWLRQDOSURFHGXUHVZLWK&'$VZLWKLGOHWKUXVWGHVFHQWLWFRXOGEHQRWHGWKDWZLWK&'$VDVLJQLILFDQW
UHGXFWLRQLQQRLVHIXHOEXUQDQGHPLVVLRQVGXHWRNHHSLQJDLUFUDIWDWWKHLUFUXLVHDOWLWXGHIRUDORQJHUWLPH>@
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